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**Power supply for a cochlear implant!' 
Field of the Invention 

The present invention relates to a power supply for an implant, such as 
a cochlear implant, and in psirticular, to a power supply having a plurality of 
5 batteries and a means for controlling the use of the batteries by the implant. 



Background Art 

In many people who are profoundly deaf, the reason for deafness is 
absence of, or destruction of, the hair cells in the cochlea which transduce 
10 acoustic signals into nerve impulses. These people are thus unable to derive 
suitable benefit from conventional hearing aid systems, no matter how loud 
the acoustic stimulus is made, because there is damage to, or an absence of 
the mechanism for nerve impulses to be generated from soimd in the normal 
maimer. 

15 It is for this purpose that cochlear implant systems have been 

developed. Such systems bypass the hair cells in the cochlea and directly 
deliver electrical stimulation to the auditory nerve fibres, thereby allowing 
the brain to perceive a hearing sensation resembling the natural hearing 
sensation normally delivered to the auditory nerve. US Patent No. 4,532,930, 

20 the contents of which are incorporated herein by reference, provides a 
description of one type of traditional cochlesur implant system. 

Cochlear implant systems have typically consisted of two essentied 
components, an extemal component commonly referred to as a processor unit 
and an internal implanted component commonly referred to as a 

25 stimulator/receiver unit. Traditionally, both of these components have 
cooperated together to provide the sound sensation to a user. 

The extemal component has traditionally consisted of a microphone 
for detecting sounds, such as speech and environmental sounds, a speech 
processor that converts the detected sounds into a coded signal, a power 

30 source such as a battery, and an external transmitter coil. 

The coded signal output by the speech processor is transmitted 
transcutaneously to the implanted stimulator/receiver unit situated within a 
recess of the temporal bone of the user. This transcutaneous transmission 
occurs via the external transmitter coil, which is positioned, to conununicate 

35 with an implanted receiver coil provided with the stimulator/receiver unit. 
This commmiication serves two essential purposes, firstly to 
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transcutaneonsly transmit the coded sound signal and secondly to provide 
power to the implanted stimulator/receiver unit Conventionally, this link 
has been in the form of a radio frequency (RF) link, but other such links have 
been proposed and implemented with varying degrees of success. 
5 The implanted stimulator/receiver unit traditionally includes a receiver 

coil that receives the coded signal and power from the externsd processor 
component, and a stimulator that processes the coded signal and outputs a 
stimulation signal to an intracochlea electrode which applies the electrical 
stimulation directly to the auditory nerve producing a hearing sensation 

10 corresponding to the original detected sound. As such, the implanted 

stimulator/receiver device has been a relatively passive unit that has relied on 
the reception of both power and data from the external imit to perform its 
required function. 

Traditionally, the external componentry has been carried on the body 

15 of the user, such as in a pocket of the user's clothing, a belt pouch or in a 
harness, while the microphone has been motmted on a clip mounted behind 
the ear or on the lapel of the user. 

More recently, due in the main to improvements in technology, the 
physical dimensions of the speech processor have been able to be reduced 

20 allowing for the external componentry to be housed in a small imit capable of 
being worn behind the ear of the user. This unit allows the microphone, 
power unit and the speech processor to be housed in a single unit capable of 
being discretely worn behind the ear, with the external trEUismitter coil still 
positioned on the side of the user's head to allow for the transmission of the 

25 coded sound signal from the speech processor and power to the implanted 
stimulator unit. 

The introduction of an external unit able to be positioned behind-the- 
ear (BTE) provides the user with increased freedom not previously 
experienced with the more conventional body worn external processor. A 

30 BTE unit does not require long cables coimecting all of the components 
together and does not require a separate battery pack, but provides a single 
unit capable of being discretely worn behind the ear of a cochlear implant 
user which offers the same functionality of the body worn devices without 
the obvious restrictions that such devices place upon the user. Due to the 

35 obvious benefits such a device offers to the user, it is important that with 
increasing use of such a component that the reliability of the device be at 
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least the equivalent of the previous body-worn devices. This is especially 
important with regard to the power supply incorporated in such a BTE 
device, as whilst it is much smaller, the power supply needs to be sufficient 
to ensure that the power demands of the implant are met, at least for an 
5 acceptable period of time. 

As described above, battery cells aie tj^ically housed in the external 
componentry and provide the necessary power for the components of the 
implant. 

In conventional body worn devices, other than BTE devices, the issue 

10 of ensuring that the power supply is sufficient to meet the needs of the 

impleint is not of particular concern. This is due in the medn to the fact that 
the size of the component is such that it can acconmxodate a substamtial 
number of cells and a battery pack can be fiuUier employed with such a 
component. As this component is carried on the body in a harness or the 

15 like, the size of the component is not of great importance. 

However, with the introduction and increased usage of BTE devices 
and the desire to provide such devices that are small enough to fit behind the 
ear of the user or to be discretely worn on the head of the user, the space 
requirements of the device lead to restrictions in the type and dimension of 

20 power supply that can be utilised. Where previously the nimiber of cells 
required to form the power supply of the device has been relatively 
unrestricted, such more discrete and compact BTE devices have limited space 
to house the cells to be used to supply the power for the implant Where a 
single battery cell provides insufficient power for all of the components,. it 

25 has been known to mount two batteries in series within the external 
componentry. 

One type of known battery cell used in cochlear implants and in 
implants utilising BTE units in particular such as those provided by the 
present applicant, is the zinc air cell. Such cells have several practical 

30 advantages. They have a very high energy density and can supply a device's 
requirements for a relatively long period of time relative to their size and 
weight. They also have a relatively constant power output throughout most 
of their life, thereby reducing the risk of dangerous rapid discharge, such as 
shorting. Therefore, such cells have particular application to cochlear 

35 implants, which utilise these particular adveaitages. As supplied, these cells 
do, however, occasionally suffer from a relatively high failure rate. Testing 
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undertaken by the present applicant suggests that approximately 8% of 
supplied zinc air cells do not perform satisfactorily on delivery. Given that 
some cochlear implants rely on two satisfactory cells being used in series, the 
chance that a user will have a problem after replacing a pair of such battery 
5 cells increases to 15%. Such problems include finding that the cochlear 
implant still does not work or stops working satisfactorily after a relatively 
short time following the insertion of new cells. These problems can then 
result in the user incorrectly believing that their device has failed and 
sending the device for repair or replacement, or finding themselves 

10 unexpectedly losing their ability to experience hearing sensation after they 
were sme that the power supply would last for a specific period of time. 

When considering the amount of power that the external unit needs to 
supply to the implant, it should be appreciated that this can vary quite 
considerably from user to user. The amount of power required by the 

15 implant depends on a number of factors. The stimulation rate and speech 
processing strategy employed by the user dictates greatly the power 
requirements of the implant. If the implant needs to stimulate at high rates 
then more power will be required, as will also be the case if a complicated 
speech processing strategy is to be employed. Further to this, the power 

20 requirements are strongly influenced by the thickness of the skin separating 
the external and internal coils in the transcutaneous link. If this skin flap 
thickness is large, then the implant will require more power to transmit 
across such a medium than would be the case if the skin flap thickness is 
quite small. 

25 In any regard it is important that the external imit is designed such that 

there is sufficient power available for a wide range of requirements, from 
those users with large skin flap thicknesses and high rate stimulation 
strategies to those with small skin flap thicknesses and lower rate strategies. 
This ensures that an off-the-shelf device can be supplied for all cases without 

30 the need for custom-made designs specific to the particular user's power 
requirements. 

Any discussion of documents, acts, materials, devices, articles or the 
like which has been included in the present specification is solely for the 
purpose of providing a context for the present invention. It is not to be taken 
35 as an admission that any or all of these matters form part of the prior art base 
or were common general knowledge in the field relevant to the present 
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invention as it existed before the priority date of each claim of this 
application. 

Summary of the Invention 

5 Throughout this specification the word "comprise", or variations such 

as "comprises" or "comprising", will be imderstood to imply the incliision of a 
stated element, integer or step, or group of elements, integers or steps, but not 
the exclusion of any other element, integer or step, or group of elements, 
integers or steps. 

10 According to a first aspect, the present invention provides a power 

supply for an electricedly powered device, the power supply comprising a first 
plurality of batteries, a switching means, and a second plurality of batteries, 
wherein the first plurality of batteries are electrically connected in series and 
the second plurality of batteries are electrically connectable through the 

15 switching means in parallel with at least one of the first plurality of batteries. 

According to a second aspect, the present invention provides a power 
supply for an electrically powered device, the power supply comprising a first 
battery, a second battery, at least a third battery, and a switching means, the 
first and second battery being electrically connected in series and the at least 

20 third battery being electricedly connectable through the switching means in 
parallel with either the first battery or the second battery. 

In a preferred embodiment, the third battery is connected in parallel by 
the switching means with whichever of the first and second batteries is 
exhibiting worse performance, which could be determined by which battery 

25 has the lower voltage. In this embodiment, the batteries will tend to work at 
substantiedly the same voltage and thus substantially evenly share the power 
load of the electrically powered device. Such an arrangement has the 
advantage that the probability of failiire of a power supply having three 
batteries in such an arrangement reduces to 2% and so the probability of a 

30 successful battery change increases to 98%, based on batteries having an 8% 
probabilily of being faulty. 

The switching means preferably comprises an analog changeover 
switch, operable to connect the third battery in parallel with the first battery 
or the second battery, and which may also be operable to disconnect the third 

35 battery from both the first and second batteries. A low power comparator can 
be used to compare the mid-point from a voltage divider. When the mid- 
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point of the batteries indicates a mismatch, the power supply preferably 
operates the switch to connect the third battery in parallel with whichever of 
the first or second batteries has the lowest voltage. A small amount of 
hysteresis (eg. about 4my) can be provided to avoid excessive switching. The 
5 switching rate is preferably limited to below about 50kHz, more preferably, of 
the order of 20kHz. 

In the above embodiment, because ail of the batteries are operating at 
substantially the same voltage (preferably within 8mV], two of the batteries 
are effectively in parallel. As switching between the batteries occurs, only 
10 relatively small surge currents are preferably generated. 

In one embodiment, the batteries of the power supply can be 
rechargeable. 

According to a third aspect, the present invention provides a power 
supply control system for use with a tissue stimulating prosthesis, the power 

15 supply control system comprising a first plurality of batteries, a switching 
means and a second plurality of batteries, the first plurality of batteries being 
electrically coimected in series to provide power to the prosthesis, and at 
least one of the second plurality of batteries being electrically connectable 
through the switching means in parallel with at least one of the first plurality 

20 of batteries; wherein the at least one of the second plurality of batteries is 

electrically connected by the control system in parallel with whichever one of 
said first plurality of batteries has the lowest voltage. 

According to a fourth aspect, the present invention is a power supply 
control system for use with a tissue stimulating prosthesis, the power supply 

25 control system comprising a first battery, a second battery, at least a third 
battery, and a switching means, the first and second battery being electrically 
connected in series to provide power to the prosthesis, and the at least third 
battery being electrically coimectable through the switching means in parallel 
with either the first battery or the second battery; wherein the at least third 

30 battery is electrically connected by the control system in parallel with 
whichever one of said first battery or said second battery has the lowest 
voltage. 

According to a fifth aspect, the present invention provides a power 
supply control system for use with a tissue stimulating prosthesis, the power 
35 supply control system comprising a first plurality of batteries, a second 
plurality of batteries, and a switching means, the first plurality of batteries 
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being electrically connected in series to provide power to the prosthesis^ and 
at least one of the second pliirality of batteries being electrically connectable 
through the switching means in parallel with at least one of the first plurality 
of batteries; wherein the at least one of the second plurality of batteries is 
5 electrically connected by the control system in parallel with one of said first 
plurality of batteries following detection by the control system that the 
voltage of said one of said first plm:ality of batteries is below a predetermined 
threshold. 

The predetermined threshold may be determined by reference to a 
10 voltage of another of the first plurality of batteries. 

According to a sixth aspect, the present invention provides a power 
supply control system for use with a tissue stimulating prosthesis, the power 
supply control system comprising a first battery, a second battery, at least a 
third battery, and a switching means, the first and second battery being 
15 electrically connected in series to provide power to the prosthesis, and the at 
least third battery being electrically connectable through the switching means 
in parallel with either the first battery or the second battery; wherein the at 
least third battery is electrically connected by the control system in parallel 
with one of said first battery or said second battery following detection by the 
20 control system that the voltage of said first battery or said second battery is 
below a predetermined threshold. 

According to a seventh aspect, the present invention provides a power 
supply control system for use with a tissue stimulating prosthesis, the power 
supply control system comprising: 
25 a first battery; 

a second battery connected in series with the first battery to provide 
power to the prosthesis; and 

a third battery being electrically coimectable via switching means in 
parallel with either the first battery or the second battery; wherein the control 
30 system cpntrols the switching means to electrically connect the third battery 
in parallel with said first battery or said second battery based on a 
determination by the control system that the operation of said first battery or 
said second battery is below a predetermined threshold. 

In these aspects, the batteries will tend to work at substantially the 
35 same voltage and thus share the power load of the prosthesis. Such an 
arrEuigement has the advantage that the probability of failure of a power 



wo 02/060029 PCT/AU02/00074 

8 

supply having three batteries reduces to 2% and so the probability of a 
successful battery change increases to 98%. Such an arrangement also 
ensures that should the system power requirements be too great for the two 
batteries in series alone, the third battery will be electrically connected to 
5 cover any increased power requirements. 

The switching means of the present invention preferably comprises an 
analog changeover switch. In preferred embodiments of the seventh €ispect of 
the present invention, a low power comparator may be used to make the 
determination of satisfactory operation of the first and second batteries, for 

10 example by being used to compare the mid-point from a voltage divider 

positioned across the first and second batteries. Such a comparator may also 
be used in voltage measurements of the batteries in accordance with the first 
to sixth aspects of the present invention. In such embodiments, when the 
mid-point of the batteries indicates a mismatch, the comparator preferably 

15 operates the switch to connect the third battery in parallel with whichever of 
the first or second batteries has the lowest voltage. As the third battery will 
approximately halve the demand on the battery with which it is connected in 
parallel, the other of the first and second batteries will be drained at a faster 
rate. Hence, it is expected that it will repeatedly be necesseiry to connect the 

20 third battery across the other of the first and second batteries. The control 
system preferably causes such switching of the third battery between the first 
and second batteries to occur based on the voltages measured by the voltage 
divider. In this regard, a small amoimt of hysteresis (eg. about 4mV) is 
preferably provided to avoid excessive sv^tching. The switching rate is 

25 preferably limited to below about 50kHz. Such regular switching of the third 
battery between the first and second batteries will assist in ensuring the first 
and second batteries are drained at a similar rate. 

In one embodiment, the tissue-stimulating prosthesis can comprise a 
cochlear implant. The cochlear implant can comprise an extemally mounted 

30 device that includes a speech processor. 

For the purposes of the description provided below, reference will be 
made to the prosthesis in the form of a cochlear implant It is to be 
appreciated that the following description could apply, with appropriate 
modification, to other systems adapted for implantation into body tissue. 
. 35 When in use, the power supply control system preferably controls the 

power supply for the microphone, speech processor, electrode array and any 
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other electricsd or electronic componentry of the cochlear implant system. 
The power supply control system preferably ensures that not only is the 
power load shared with all of the batteries of the system but also that should 
the system power requirements be large, such as in cases of large skin flap 
5 thickness and high stimulation rate, then the power supply is able to meet 
such needs. 

In one embodiment, the power supply can be mounted within a case 
that also encloses the componentry of the electrical equipment, such as the 
processor means of the cochlear implant. In another embodiment, the power 
10 supply can be moimted within a separate case with electrical connection 
provided between the batteries and the componentry, such as the processor 
means. 

The first, second, and at least the third battery can each comprise a 
zinc-air cell. It will, however, be appreciated that any suitable battery cell 
15 could be utilised in the present invention. Each of the batteries are also 
preferably surrounded by an electrically insulating material such that the 
batteries are electrically insulated from the case in which they are mounted. 

A battery charging means can be used to recharge the batteries of the 
power supply. 

20 In accordance with an eighth aspect, the present invention provides a 

method of operating a power supply, the method comprising the steps of 

electrically connecting a first battery and a second battery in series; and 
electrically connecting a third battery in parallel with whichever 
battery of the first battery and the second battery exhibits worse performance. 
25 In accordance with a ninth aspect, the present invention provides a 

method of operating a power supply for a tissue-stimulating prosthesis, the 
method comprising the steps of 

electrically connecting a first battery and a second battery in series; and 
electrically connecting a third battery in parallel with whichever 
30 battery of the first battery and the second battery exhibits worse performance. 
The methods of the eighth and ninth aspects of the invention 
preferably further comprise the step of measuring the performance of the first 
battery and the second battery. 

The methods of the eighth and ninth aspects of the invention 
35 preferably further comprise, prior to the step of measuring the performance of 
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the first batteiy and the second battery, disconnecting the third battery from a 
parallel connection with either of the first battery or the second battery. 

Such a step ensures that the measurement of performance of the first 
battery and the second battery, such as by measuring the voltage across each 
5 of the first and second batteries, is carried out without the performance of the 
third battery affecting the measurement 

Preferred embodiments of the present invention provide a system 
designed to maximise the performance of devices such as cochlear implants 
and other devices that are reliant upon installed battery power, in the 
10 presence of an unreliable power supply. Preferred embodiments of the 
invention may also provide a system designed to cater for the power 
requirements of a wide range of cochlear implant or tissue-stimulating 
implant users with varying system requirements. 

15 Brief Description of the Drawings 

By way of example only, a preferred embodiment of the invention is 
now described with reference to the accompanjang drawings, in which: 
Figure 1 is a pictorial representation of a typical cochlear implant 
system incorporating the present invention; 
20 Figure 2 is a circuit layout of a power supply for use in electrically 

powering a cochlear implant; 

Figure 3 is a side elevatLoned view of another embodiment of the 
external component of a cochlear implant having the power supply control 
system of the present invention; 
25 Figure 4 is a side elevational view of the extemal component of the 

cochlear implant of Figure 3 with the battery compartment cover removed; 
Figures 5 to 7 illustrate typical limiting currents of various cells; 
Figure 8 illustrates the limiting current over time exhibited by a 3 cell 
embodiment of the present invention and by a prior art 2 cell arrangement, 
30 when loaded by a constant 2.2 Volt load; 

Figure 9 illustrates the limiting current vs mA hours for the 3 cell 
embodiment of the present invention and the 2 cell prior art arrangement 
referred to in Figure 8; and 

Figine 10 illustrates the dutjr cycle of a battery of the present 
35 embodiment of the invention. 
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Preferred Mode of Carrying Out the Invention 

An example of a device powered by the power supply system of the 
present invention can be seen in Figure 1. 

One embodiment of a cochlear implant utilising the present invention 
5 is depicted in Fig, 1 and consists of two main components, namely an 
externed component 10 including a speech processor 29, and an internal 
component including an implanted receiver and stimulator imit 22. 

The external component 10 includes an on-board microphone 27. The 
case of the external component 10 is constructed and arranged so that it can 
10 sit on the outer ear 11 of the implantee. The case of the external component 
is also constructed so that it contains a power supply in accordance with the 
present invention. The power supply provides the power for the entire 
implant system. 

A cable 13 extends from the case of the external component 10 to an 

15 external transmitter coil 24 which transmits electrical signals to the 
implanted unit 22 via a radio frequency (RF) Link. 

The implemted component includes a receiver coil 23 for receiving 
power and data transmitted from the transmitter coil 24. A cable 21 also 
extends from the implanted receiver and stimulator unit 22 to the cochlear 12 

20 and terminates in an electrode array 20. The signals thus received are 
applied by the array 20 to the basilar membrane 8 thereby stimulating an 
auditory nerve 9, The operation of such a device is described, for example, in 
US Patent No 4,532,930. 

Such a cochlear implemt system as described in Figure 1 requires a 

25 power supply capable of being incorporated in the relatively small case of the 
external component 10 so that it can be positioned behind the ear of the 
implant user. Further, the voltage of the power supply of this system also 
needs to be sufficient to provide a reliable supply of power to the system even 
in cases where the user has a large skin flap thickness between transmitter 

30 coil 24 and receiver coil 23 resulting in increased power requirements to 
transmit the applicable data/power to the implanted unit 22. The present 
invention provides a reliable solution to these requirements. 

One example of a circuit layout for a power supply that is housed in 
the case of the external component 10 for powering a cochlear implant is 

35 depicted generally as 30 in Fig. 2. 
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The power supply circuit 30 includes a first battery 31 and a second 
battery 32 electrically connected in series. The output of the power supply is 
provided at terminals 34 and can be switched on or off using the On/Off 
switch 35. 

5 The power supply circuit 30 further includes at least a third battery 33 

that is electrically connectable in parallel with either the first battery 31 or 
the second battery 32 through an analog changeover switch 36. 

In the depicted embodiment, the third battery 33 is connected in 
parallel by switch 36 with whichever of the first and second batteries 31,32 

10 has the lowest voltage. In this embodiment, the batteries 31,32,33 all tend to 
work at substantisdly the same voltage and thus substantially evenly share the 
power load of the cochlear implant powered by the power supply circuit 30. 

Such an arrangement has the advantage that the probability of failure 
of a power supply having three batteries in such an arrangement reduces to 

15 2% and so the probability of a successful battery change increases to 98%, 
based on batteries having an 8% probability of being favdty at the time of 
supply as tests by the applicant have revealed. 

In the depicted embodiment, a comparator 37 is used to compare the 
mid-point from a voltage divider. When the mid-point of the first and second 

20 batteries 31,32 indicates a mismatch, the comparator 37 operates the switch 
36 to connect the third battery 33 in parallel with whichever of the first or 
second batteries 31,32 has the lowest voltage. A smsill amount of hysteresis 
(eg. about 4mV) is built into the comparator to avoid excessive switching of 
switch 36. In the depicted embodiment, the switching rate is of the order of 

25 about 20kHz. 

In the above embodiment, because all of the batteries 31, 32, 33 are 
operating at the same voltage (within 8mV), the batteries are effectively in 
parallel. As switching between the batteries occms, only relatively small 
surge currents are generated since the small voltage difference (8mV) across 

30 the internal resistance (perhaps 20 ohms) amounts to only around 0.4mA. 
A prototype of the circuit shown in Figure 2 has been tested, and 
displayed efficiency extremely close to 100%. The estimated losses at full 
load of the circuit include a 400[iW series loss in the switch "on" resistances, 
a 13|iW switching loss in the comparator, a 13\iW loss due to driving of 

35 switch capacitances, and a 15\iW resistive loss in the voltage divider. Peak 
efficiency occurs at an output power of 15mW giving 99.5% efficiency, while 
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efficiency of 99% is displayed at 2.5inW and 44mW output power. Ripple 
and noise levels were acceptable. 

As described above, one example of a device that can be powered by 
the power supply 30 is a tissue-stimulating cochlear implant prosthesis that 
5 has components adapted for Implant in an implantee's body. Another 

embodiment of an external component for such an implant is depicted as 40 
in Figs. 3 and 4. The external component 40 houses a speech processor, and* 
has an in-built microphone 27. 

The component 40 has a removable cover 41 enclosing a battery 
10 compartment 42. Fig. 4 depicts the component 40 with the cover 41 

removed. Housed within compartment 42 are the first and second batteries 
31,32 connected in series, and third battery 33. 

When in use, the batteries 31, 32, 33 provide power for all components 
of the cochlear implant including the microphone 27, a speech processor, the 
15 implemted electrode array, and any other electrical or electronic componentry 
of the cochlear implant whether it be external or internal of the body of the 
implantee. 

While the batteries can be moimted within the case that also encloses 
the other componentry of the external component 40, the batteries could be 
20 mounted within a separate case with electrical connection provided between 
the batteries and the componentry of the implant, such as the speech 
processor. 

The depicted batteries 31,32,33 each comprise a zinc-air cell. It will, 
however, be appreciated that any suitable battery cell could be utilised in the 
25 present invention. When mounted in a prosthesis, each of the batteries 

31,32,33 are also preferably surroimded by an electrically insulating material 
such that the batteries are electrically insulated from the case in which they 
are mo^mted. 

The batteries are preferably all of the same design, however the present 
30 invention may be applied to batteries having some differences in design. The 
present invention may also be applied to the use of rechargeable batteries. 

Figure 5 illustrates typical limiting currents of each of fovir 675 size 
zinc-air Activair HPX battery cells, presented as limiting current in mA vs 
time. Figure 6 illustrates typical limiting currents of each of seven 675 size 
35 zinc-air Varta V675 battery cells, again presented as limiting current in mA vs 
time. Figure 7 illustmtes the performance of six pairs of Rayovac 675 size 



wo 02/060029 PCT/AU02/00074 

14 

zinc-air cells, presenfBd as limiting current in mA vs time. As can be seen 
from Figs 5-7, the reliability of such cells is relatively poor, with the 
performance from one cell to the next being relatively inconsistent. 

Figinre 8 illustrates the limiting current over time exhibited by a 3 cell 
5 embodiment of the present invention compeured with the limiting current over 
time of three prior art 2 cell gmrangements, when loaded by a constant 2.2 
Volt load. As can be seen, the 3 cell arrangement of the present invention 
significantly improves the limiting current of the power supply, such that any 
given load current csui be supplied for a longer time by the present 

10 embodiment of the invention than the prior art two cell arrangement. This is 
better shown in Figure 9, which illustrates the limiting current vs mA hours 
for the 3 cell embodiment of the present invention and the 2 cell prior art 
arrangement. As can be seen, for a load current of, say, 15mA, the available 
capacity has increased from 268mA hours to 536 mA hours, exactly double. 

15 Discharging the cells to exhaustion revealed a capacity increase from 
350mAh for the prior art 2 cell arrangement to 572 mAh for the present 
embodiment of the invention. Hence, the present embodiment of the 
invention exhibits a 63% greater capacity than the 2 cell prior art 
arrangement, which is a better improvement than the 50% expected 

20 improvement. This may be due to a increased capacity of the batteries when 
loaded less heavily. 

Finally, to demonstrate the action of the third battery cell, the 
percentage of time that one of the two series cells was connected in parallel 
with the third cell was recorded over time. The results are displayed in 

25 Figure 10. Figure 10 shows that, initially, the first of the series cells carried 
more current for much of the time than the second. However, from 24 hours 
to 35 hours the situation was reversed and the other cell carried more current. 
This demonstrates the ability of the system to adapt to the randomly varying 
output of the cells and imbalances between the cells. 

30 While the illustrated and described embodiment comprises two 

batteries placed in series and a third battery being electrically connectable 
through a switching means in parallel with either of the two batteries placed 
in series, it is envisaged that more than three batteries could be used, 
employing more than two batteries in series and more than one battery 

35 electrically connectable in parallel with one or more of the series-connected 
batteries without going beyond the scope of the present invention. 
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It will be appreciated by persons skilled in the art that numerous 
variations and/or modifications may be made to the invention as shown in the 
specific embodiments without departing from the spirit or scope of the 
invention as broadly described. The present embodiments are, therefore, to 
5 be considered in all respects as illustrative and not restrictive. 
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CLAIMS: 

1. A power supply for an electrically powered device, the power supply 
comprising a first battery, a second battery, at least a third battery, and a 
5 switching means, the first and second battery being electrically connected in 
series and the at least a third battery being electrically connectable through 
the switching means in parallel with either the first battery or the second 
battery. 

10 2. The power supply of claim 1 wherein the third battery is connected in 
parallel with whichever of the first and second batteries is exhibiting lesser 
performance. 

3. The power supply of claim 2 wherein the third battery is connected in 
15 parallel by the switching means with whichever of the first and second 

batteries has the lowest voltage. 

4. The power supply of any preceding claim wherein the switching means 
comprises an analog changeover switch. 

20 

5. The power supply of any preceding claim wherein the power supply 
further comprises a comparator that compares the mid-point from a voltage 
divider, such that when the mid-point of the batteries indicates a mismatch, 
the power supply operates the switch to connect the third battery in paredlel 

25 with whichever of the first or second batteries has the lowest voltage. 

6. The power supply of claim 5 wherein the comparator is a low power 
comparator. 

30 7. The power supply of claim 3, 5 or 6 wherein the switching means 
operates when the voltage of the battery of the first and second batteries 
having the lowest voltage is at or below a predetermined value below the 
voltage of the other battery of the first and second batteries. 



35 



8. The power supply of claim 7 wherein the switching means operates 
when the voltage of the battery having the lowest voltage is at least 
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substantially 4mV less than the voltage of the other battery of the first and 
second batteries. 

9. The power supply of any preceding claim wherein at least one of the 
5 batteries of the power supply is rechargeable. 

10. A power supply control system for use with a tissue stimulating 
prosthesis, the power supply control system comprising a first battery, a 
second battery, at least a third battery, and a switching means, the first and 

10 second battery being electrically connected in series to provide power to the 
prosthesis, and the at least a third battery being electrically connectable 
through the switching means in parallel with either the first battery or the 
second battery; wherein the third battery is electrically connected by the 
control system in parallel with whichever one of said first battery or said 

15 second battery has the lowest voltage. 

11. The power supply control system of claim 10 wherein the switching 
means comprises an analog changeover switch. 

20 12. The power supply control system of claim 10 or 11 wherein the power 
supply control system further comprises a comparator that compares the mid- 
point from a voltage divider positioned across the first and second batteries, 
such that when the mid-point of the batteries indicates a mismatch, the 
power supply control system operates the switching means to connect the 

25 third battery in parallel with whichever of the first or second batteries has the 
lowest voltage. 

13. The power supply control system of any one of claims 10 to 12 wherein 
the switching means operates only when the voltage of the battery of the first 

30 and second batteries having the lowest voltage is at or below a predetermined 
value below the voltage of the other battery of the first and second batteries. 

14. The power supply control system of cledm 13 wherein the switching 
means operates when the voltage of the battery of the first and second 

35 batteries having the lowest voltage is at least substantially 4mV less than the 
voltage of the other battery of the first and second batteries. 
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15 . The power supply control system of any one of claims 10 to 14 wherein 
the tissue-stimulating prosthesis comprises a cochleeir implant. 

5 16. The power supply control system of claim 15 wherein the cochlear 
implant comprises an external component that houses a speech processor. 

17. The power supply control system of claim 16 wherein the external 
component has a case, the power supply being mounted within the case. 

10 

18. The power supply control system of any one of claims 10 to 17 wherein 
the first, second, and at least the third battery each comprise a zinc-air cell. 

19. A power supply control system for use with a tissue stimulating 
15 prosthesis, the power supply control system comprising a first battery, a 

second battery, at least a third battery, and a switching means, the first and 
second battery being electrically connected in series to provide power to the 
prosthesis, and the at least a third battery being electrically connectable 
through the switching means in parallel with either the first battery or the 
20 second battery; wherein the third battery is electrically connected by the 

control system in parallel with one of said first battery or said second battery 
following detection by the control system that the voltage of said first battery 
or said second battery is below a predetermined threshold. 

25 20. The power supply control system of claim 19 wherein the switching 
me€ms comprises an analog changeover switch. 

21. The power supply control system of claim 19 or 20 wherein the power 
supply control system further comprises a comparator that compares the mid- 
30 point from a voltage divider positioned across the first and second batteries, 
such that when the mid-point of the batteries indicates a mismatch, the 
power supply control system operates the switching means to connect the 
third battery in parallel with whichever of the first or second batteries has the 
lowest voltage. 



35 
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22. The power supply control system of any one of claims 19 to 21 wherein 
the switching means operates only when the voltage of the battery of the first 
and second batteries having the lowest voltage is at or below a predetermined 
value below the voltage of the other battery of the first and second batteries. 

5 

23. The power supply control system of claim 22 wherein the switching 
means operates when the voltage of the battery of the first and second 
batteries having the lowest voltage is at least substantially 4mV less than the 
voltage of the other battery of the first and second batteries. 

10 

24. The power supply control system of any one of claims 19 to 23 wherein 
the tissue-stimulating prosthesis comprises a cochlear implant. 

25. The power supply control system of claim 24 wherein the cochlear 
15 implant comprises an external component that houses a speech processor. 

26. The power supply control system of claim 25 wherein the external 
component has a case, the power supply being mounted within the case. 

20 27. The power supply control system of any one of claims 19 to 26 wherein 
the first, second, and at least the third battery each comprise a zinc-air cell. 

28. A power supply control system for use with a tissue stimulating 

prosthesis, the power supply control system comprising: 
25 a first battery; 

a second battery connected in series with the first battery to provide 

power to the prosthesis; and 

a third battery being electrically connectable via switching mesins in 

parallel with either the first battery or the second battery; wherein the control 
30 system controls the switching means to electrically connect the third battery 

in parallel with said first battery or said second battery based on a 

determination by the control system that the operation of said first battery or 

said second battery is below a predetermined threshold. 

35 29. The power supply control system of claim 28 wherein the control 

system is operable to measure a voltage of the first battery and a voltage of the 
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second battery in order to msLke the determination of which of said first 
battery and sedd second battery are below the predetermined threshold. 

30. The power supply control system of claim 28 or 29 wherein the 
5 switching means comprises an analog changeover switch. 

31. The power supply control system of any one of claims 28 to 30 wherein 
the power supply control system further comprises a comparator that 
compares the mid-point from a voltage divider positioned across the first and 

10 second batteries, such that when the mid-point of the batteries indicates a 
mismatch, the power supply control system operates the switching means to 
connect the third battery in parallel with whichever of the first or second 
batteries has the lowest voltage. 

15 32. The power supply control system of any one of claims 28 to 31 wherein 
the switching means operates only when the voltage of the battery of the first 
and second batteries having the lowest voltage is at or below a predetermined 
value below the voltage of the other battery of the first and second batteries. 

20 33, The power supply control system of claim 32 wherein the switching 
means operates when the voltage of the battery of the first and second 
batteries having the lowest voltage is at least substantially 4mV less than the 
voltage of the other battery of the first and second batteries. 

25 34. The power supply control system of any one of claims 28 to 33 wherein 
the tissue-stimulating prosthesis comprises a cochlear implant. 

35. The power supply control system of claim 34 wherein the cochlear 
implant comprises an external component that houses a speech processor. 

30 

36. The power supply control system of claim 35 wherein the external 
component has a case, the power supply being mounted within the case. 

37. The power supply control system of any one of claims 28 to 36 wherein 
35 the first, second, and at least the third battery each comprise a zinc-air cell. 
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38. A method of operating a power supply, the method comprising the 
steps of 

electrically connecting a first battery and a second battery in series; 

and 

5 electrically connecting a third battery in parallel with whichever 

battery of the first battery and the second battery exhibits worse performance. 

39. The method of claim 38 further comprising the step of measuring the 
performance of the first battery and the second battery by determining the 

10 voltage of each of the first and second batteries. 

40. The method of claim 38 or cleiim 39 further comprising the step of 
disconnecting the third battery from a parallel connection with either of the 
first battery or the second battery, prior to determining the performance of the 

15 first battery and the second battery. 

41. A method of operating a power supply for a tissue-stimidating 
prosthesis, the method comprising the steps of 

electrically connecting a first battery and a second battery in series; and 
20 electrically connecting a third battery in parallel with whichever 

battery of the first battery and the second battery exhibits worse performance. 

42. The method of claim 41 further comprising the step of measwing the 
performance of the first battery and the second battery by determining the 

25 voltage of each of the first and second batteries. 

43. The method of claim 41 or claim 42 further comprising the step of 
disconnecting the third battery from a parallel connection with either of the 
first battery or the second battery, prior to determining the performance of the 

30 first battery and the second battery, 

44. A power supply for an electrically powered device, the power supply 
comprising a first plurality of batteries, a second plimdity of batteries, and a 
switching means, the first plurality of batteries being electrically connected in 

35 series and at least one of the second plvirality of batteries being electrically 
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connectable through the switching means in parallel with at least one of the 
first plurality of batteries. 

45. A power supply control system for use with a tissue stimulating 
5 prosthesis, the power supply control system comprising a first plurality of 
batteries, a second plurality of batteries, and a switching meeuis, the first 
plurality of batteries being electrically connected in series to provide power to 
the prosthesis, and at least one of the second plurality of batteries being 
electrically connectable through the switching means in parallel with at least 
10 one of the first plurality of batteries; wherein the at least one of the second 
plurality of batteries is electrically connected by the control system in peurallel 
with at least one of said first plurality of batteries following detection by the 
control system that the voltage of said at least one of said first plurality of 
batteries is below a predetermined threshold. 



wo 02/060029 



PCT/AU02/00074 



1/10 




SUBSTITUTE SHEET (RULE 26) ISA/AU 



wo 02/060029 



PCT/AU02/00074 



2/ 10 




SUBSTITUTE SHEET (RULE 26) ISA/AU 




SUBSTITUTE SHEET (RULE 26) ISA/AU 



wo 02/060029 



PCT/AU02/00074 



4/ 10 




SUBSTITUTE SHEET (RULE 26) ISA/AU 



wo 02/060029 



PCT/AU02/00074 



5/ 10 



FOUI^ ACTIVAIR 
HPX 




17' 2/ 
d2 22 



PI 50d'5 16' 20' 01 40 T5 // /5 23 3063 
2 2 2 42 <?2£2 2 2 2 42 32 22 12 2 Z 

TIME 



-ACTIV COVER 
ACT1V COVER 
j4C7?]/NO COVER 

-AaiVNOCOVER 



FIG, 3 



SUBSTITUTE SHEET (RULE 26) ISA/AU 



wo 02/060029 



PCT/AU02/00074 



6/ 10 



VARTA VeVQ UMJT/NG CURRENT 




HOURS 



O 
Qi 



/ 

VARTA Z 

VARTA 3 

VARTA 4- 

]/Aj^A 5 

' VARTA e 

VARTA7 



Fio. e 



SUBSTITUTE SHEET (RULE 26) ISA/AU 



wo 02/060029 



PCT/AU02/00074 




SUBSTITUTE SHEET (RULE 26) ISA/AU 



wo 02/060029 



PCT/AU02/00074 



3/iO 




FIG. 6 



SUBSTITUTE SHEET (RULE 26) ISA/AU 



wo 02/060029 



PCT/AU02/00074 



LIMITING CURRENT K5 mA HOURe 




mA HOURS 



FIG. 3 



SUBSTITUTE SHEET (RULE 26) ISA/AU 



wo 02/060029 



PCT/AU02/00074 



10/10 




SUBSTITUTE SHEET (RULE 26) ISA/AU 



INTERNATIONAL SEARCH REPORT 



Intematioiial application No. 
PCT/AU02/OOQ74 



CLASSIFICATION OF SUBJECT MATTER 



Int CI. ^- H02J 1/00, 7/00; H04R 25/00; A61F 2/00,1 1/00 

According to Inteniational Patent Qassificatioii (IPC) or to both national classification and IPC 



FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during tiie international search (name of data base and, where practicable, search terms used) 
WPAT: power supply, prosthesis, cochlear, battery, switch, backup, redundant, parallel, series 
USPTO: battery, power supply, backup, parallel, series 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



US 4563621 A (MOORE) 7 January 1986 
Col. 3 line 47-Col. 7 Ihie 35; Claim 1 



US 4315162 A (FERGUSON) 9 February 1982 
Abstract 



US 4509193 A (CARLSON) 2 April 1985 
Col. 3 line 26-CoL 8 line 21 



1,4,44 



1-9,38,44 



1-45 



fxl Further documents are listed in the continuation of Box C (x] See patent family annex 



♦ special categories of cited documents: 

"A" document defining the general state of the art which is 
not considered to be of particular relevance 

"E" earlier application or patent but published on or after 
the international filing date 

"L" document which may throw doubts on priority claim(s) 
or which is cited to establish the publication date of 
another citation or other special reason (as specified) 

**0'' document referring to an oral disclosure, use, exhibition 
or other means 

"P" document published prior to the international filing date 
but later than the priority date claimed 



tfY" 



later document published after the international filing date or 
priority date and not in conflict with the application but cited to 
understand the principle or theory underlying the invention 
document of particular relevance; the claimed invention cannot 
be considered novel or cannot be considered to involve an 
inventive step when the document is taken alone 
document of particular relevance; the claimed invention cannot 
be considered to involve an inventive step when the document is 
combined with one or more other such documents, such 
combination being obvious to a person skilled in the art 
document member of the same patent family 



Date of the actual completion of the international search 
4 March 2002 



Date of mailing of tihe international search report 



1 3 MAR 2002 



Name and mailing address of tiie ISA/AU 

AUSTRALIAN PATENT OFFICE 
PO BOX 200, WODEN ACT 2606, AUSTRALIA 
E-mail address: pct@ipaustralia.gov.au 
Facsimile No. (02)6285 3929 



Authorized of&cer 

JUZERKHAJVBHAI 
Telephone No : (02) 6283 2176 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/AU02/00074 



C (Continuationy 



DOCXJMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document with indication, where appropriate, of the relevant passages 



Relevant to 
claim No. 



WO 96/27932 Al (ETYMOTIC RESEARCH, INC. et al.) 12 September 1996 
Page 3 line 2-Pagel5 line 21 



US 5687129 A (KIM) 11 November 1997 
Col. 4 line 45-Col. 6 line 31 



US 5696833 A (MATZEN et al.) 9 December 1997 
Col. 2 line 55-CoL 6 line 1 1 



US 5747966 A ( MINAMOTO) 5 May 1998 
Col. 2 line 27-CoL 3 line 52 



US 5876425 A (GORD et al.) 2 March 1999 
Col. 3 line 39-Col. 39 line 60 



1-45 



1-9,38,44 



1-45 



1-9,38,44 



1-45 



INTERNATIONAL SEARCH REPORT 

Infomiation on patent family members 



International application No. 
PCT/AU02/00074 



This Annex lists the known "A" publication level patent family members relating to the patent documents cited in the 
above-mentioned international search report. The Australian Patent OfQce is in no way liable for these particulars 
which are merely given for Che purpose of infomiation. 



Patent Document Cited in 
Search Report 






Patent Family Member 






US 


4563621 


NONE 












US 


4315162 


NONE 












us 


4509193 


NONE 












wo 


9627932 


AU 


53023/96 


US 


5623550 


US 


5661420 


US 


5687129 


JP 


8308099 










us 


5696833 


NONE 












US 


5747966 


JP 


7212980 










us 


5876425 


US 


5522865 


us 


5531774 


US 


5569307 






US 


5603726 


us 


5609616 


US 


5776172 






us 


5938691 


AU 


39662/99 


WO 


9966982 


END OF ANNEX 



